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/03/DUVRQ0LOOHU3DUDPHWHUZKLFKUHSUHVHQWDWLYHO\XVHGIRUGDPDJHHYDOXDWLRQ LVYHU\VHQVLWLYHPDWHULDO
GHSHQGHQWSDUDPHWHU ,W FDQEHGHULYHG IURPYDULRXVH[WUHPHFRQGLWLRQVZKLOH ORWVRI HIIRUWV DUH UHTXLUHG ,Q WKH
SUHVHQWVWXG\ZLWKUHJDUG WRDFFHOHUDWHG WHVWLQJ>@ WKUHHFUHHSUHODWLRQVKLSVVXFKDV%DLOH\1RUWRQ¶VSRZHU ODZ
0*50RQNPDQ*UDQW5HODWLRQVKLSDQG00*50RGLILHG0RQNPDQ*UDQW5HODWLRQVKLSDUHH[DPLQHG&UHHS
UXSWXUH WHVW GDWD DUH UHIHUUHG IURP H[SHULPHQWDO SURMHFWV RI 2(&'1($ >@ DQG XVHG LQ )( )LQLWH (OHPHQW
DQDO\VHVE\JHQHUDOSXUSRVHFRPPHUFLDOSURJUDP$%$486>@ZLWKXVHUVXEURXWLQH&5((3)LQDOO\ WKH/03
FRUUHODWLRQ RI 6$% ORZDOOR\ VWHHO LV HQKDQFHG E\ FRPSDULQJ H[SHULPHQWDO DQG )( DQDO\VLV GDWD LQ WKH
FRQVHUYDWLYHSHUVSHFWLYHRIVWUXFWXUDOVDIHW\
%ULHIUHYLHZRIWKUHHUHODWLRQVKLSV
2.1. Creep curves of SA533B low-alloy steel 
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2.2. Bailey-Norton’s power law 
%DLOH\1RUWRQ¶VSRZHUODZLVRQHRIWUDGLWLRQDODSSURDFKHVWRFRUUHODWLQJFUHHSZKLFKFDQEHUHSUHVHQWHGE\
  m nA T tH V   
ZKHUHA(T)LVDK\SHUVHQVLWLYHIXQFWLRQRIWHPSHUDWXUHߪLVLQLWLDOVWUHVVtLVWLPHDQGH[SRQHQWnLVDFRQVWDQWWR
LQGLFDWHWKHVHFRQGDU\FUHHSUDWHRUPLQLPXPFUHHSUDWH
  mA TH V    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2.3. Monkman-Grant Relationship and Modified Monkman-Grant Relationship 
0*5LVDUHODWLRQVKLSEHWZHHQVHFRQGDU\RUPLQLPXPFUHHSVWUDLQUDWHߝ௦ሶ DQGUXSWXUHWLPHݐ௥>@
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3.1. Analysis model and condition 
7ZRW\SHVRIFUHHSWHVWVSHFLPHQVDGRSWHGE\61/DQG&($ZHUHFRQVLGHUHGEHFDXVHWKHLUJHRPHWULFDOGHWDLOV
ZHUHVRPHZKDWGLIIHUHQWIURPHDFKRWKHU7KH61/VSHFLPHQVZHUHJHQHUDWHGLQDFFRUGZLWKJOREDOVWDQGDUG>@
KRZHYHU WKH &($ VSHFLPHQVZHUH  ODUJHU DSSUR[LPDWHO\ZKLOH DOPRVW JHRPHWULHVZHUH SURSRUWLRQDO WR WKH
VWDQGDUG RQHV %\ WDNLQJ LQWR DFFRXQW DV\PPHWULF FRQGLWLRQV RI WKH VSHFLPHQ D[LV\PPHWULF PRGHOV ZHUH
FRQVWUXFWHG(OHPHQW W\SHRI&$;5$QRGHELOLQHDU D[LV\PPHWULFTXDGULODWHUDO HOHPHQWZDV HPSOR\HG LQ D
JHQHUDOSXUSRVHFRPPHUFLDOSURJUDPHOHPHQWOLEUDU\>@7KHQXPEHUVRIHOHPHQWVDQGQRGHVRI61/)(PHVKHV
ZHUHDQGDQGWKRVHRI&($)(PHVKHVZHUHDQGUHVSHFWLYHO\$VERXQGDU\FRQGLWLRQVWKH
XSSHU IDFH RI WKH )(PRGHO ZDV IL[HG DORQJ WKH =GLUHFWLRQ DQG D VLGH SRLQW ZDV SLQQHG WR WKH DOO GLUHFWLRQV
0DWHULDOSURSHUWLHVRIWKH6$%ORZDOOR\VWHHODUHGHOLQHDWHGLQ)LJ>@
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
)LJD0HFKDQLFDOSURSHUWLHVE7KHUPDOSURSHUWLHVRI6$%ORZDOOR\VWHHO
3.2. Analysis method 







   
 






$ Q P $ Q P
 (   ( ( 
 (   (  
 (   (  
 (   (  
 (   (  
 (   (  
 (   (  
 (   (  
 (   (  
3.3. Analysis results 
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PRUHUHDVRQDEOHUHVXOWVWKDQFUHHSUHODWLRQVKLSVEHFDXVHQRWRQO\VHFRQGDU\FUHHSVWDJHEXWDOVRWHUWLDU\FUHHSVWDJH
LVFRQVLGHUHGLQ)(DQDO\VLVE\WKHXVHUVXEURXWLQHZKLOHRQO\VHFRQGDU\FUHHSVWDJHRIFUHHSUHODWLRQVKLSV
*HQHUDOO\ DOO RI WKH )( DQDO\VLV UHVXOWV IROORZ WKH H[SHULPHQWDO FUHHS FXUYHV XS WR VHFRQGDU\ FUHHS VWDJH







4.1. Fundamentals of LMP 
/03PRGHOV KDYH EHHQ ZLGHO\ DQG SUHIHUHQWLDOO\ XVHG IRU FUHHS GDPDJH HYDOXDWLRQ LQ WKH QXFOHDU LQGXVWU\
7\SLFDOO\/03LVH[SUHVVHGDVWHPSHUDWXUHDQGVWUHVVGHSHQGHQWIRUPDVIROORZV>@
  ORJ rLMP T C t    
 ORJ A B LMPV     
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4.2. Modification of LMP 
)RUWKHGDPDJHHYDOXDWLRQ/03ZDVILWWHGZLWK(TVDQG%HFDXVHRIOLPLWDWLRQLQGDWDFRQVWDQW&ZDV
UHIHUUHGDVDQGDFFRUGLQJWRWKHWHPSHUDWXUHILHOGRIXQGHU.DQGRYHU.>@.LV
HPSLULFDOO\ GHWHUPLQHG DV WUDQVLWLRQ WHPSHUDWXUH RI 6$% ORZDOOR\ VWHHO >@+RZHYHU ILWWLQJ OLQH RI(T 
ZKLFK H[SUHVVHG DV /03FDOFXODWLRQ GLIIHUHG IURP WKDW RI (T  ZKLFK H[SUHVVHG DV /03SUHGLFWLRQ DQG WKLV
GLIIHUHQFHZDVFDXVHGE\/03FRQVWDQWV$DQG%
7KHUHE\ WKH /03 FRQVWDQWV $ DQG % DUHPRGLILHG DVܣ  IURP WKH SUHYLRXV YDOXH RI  IRU XQGHU
.ܣᇱ IURP WKHSUHYLRXVYDOXHRI IRUH[FHHGLQJ.DQGܤᇱ(IURP WKHSUHYLRXV
YDOXH RI ( IRU H[FHHGLQJ  . 7KHUHE\ GLIIHUHQFHV EHWZHHQ WZR ILWWLQJ OLQHV ZHUH DEVROXWHO\
HOLPLQDWHGE\PRGLI\LQJ/03FRQVWDQWV
&RQFOXVLRQV
,Q WKLV VWXG\ FUHHS UXSWXUH WHVW GDWD RI 6$% ORZDOOR\ VWHHO ZHUH DVVHVVHG EDVHG RQ VHYHUDO FUHHS
UHODWLRQVKLSVDQGHPSOR\HGLQ)(DQDO\VHV7KHUHVXOWVZHUHDOVRXVHGWRHQKDQFHFUHHSUXSWXUHHYDOXDWLRQPHWKRG
IURPZKLFKWKHIROORZLQJFRQFOXVLRQVZHUHPDGH
 ([LVWLQJ /03 FRUUHODWLRQV RI 6$% ZDV HQKDQFHG EDVHG RQ )( DQDO\VHV :KLOH WKH GLIIHUHQFHV ZLWK
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